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1. Introduction  
In eukaryotic cells, DNA is maintained in a highly ordered and condensed form via its 
association with small, basic histone proteins. The fundamental subunit of chromatin, the 
nucleosome, is composed of an octamer of four core histones, an H3/H4 tetramer and two 
H2A/H2B dimers, around which 146 bp of DNA are wrapped. Dynamic modulation of 
chromatin structure, that is, chromatin remodeling, is a key component in the regulation 
of gene expression, apoptosis, DNA replication and repair and chromosome condensation 
and segregation. Enzymes that eovalently modify histones control many cellular 
processes by affecting gene expression. These modifications of core histones mainly 
include of methylation, acetylation, phosphorylation, ubiquitination/sumoylation, ADP-
ribosylation, deamination, and proline isomerisation (Ito, 2007; Bartova et al., 2008). The 
abnormal regulation of these processes is intimately associated with human diseases, 
including cancer. 
Breast cancer, the leading cause of death from cancer in women, is a heterogeneous 
disease ranging from premalignant hyperproliferation to invasive and metastatic 
carcinomas (Jemal et al., 2011). The disease progression is poorly understood but is likely 
due to the accumulation of genetic mutations leading to widespread changes in gene 
expression. Accumulating evidence has suggested that abnormal alteration of histone 
modification plays roles in the process of breast cancer. This chapter will summarize the 
relationship between histone modification and the molecular mechanism of breast cancer, 
and the therapy strategies focused on histone modification for breast cancer will also be 
discussed. 
2. Histone modification and breast cancer 
2.1 Chromatin structure and histone modifications 
Chromatin is the physiological template of eukaryotic genome. Its fundamental unit, the 
nucleosome core particle, contains ~200 bp of DNA, organized by an octamer of small, 
basic proteins. The protein components are histones (two copies of each highly conserved 
core histone protein – H2A, H2B, H3 and H4). They form an interior core; the DNA lies on 
the surface of the particle. Nucleosomes are an invariant component of euchromatin and 
heterochromatin in the interphase nucleus, and of mitotic chromosomes. The nucleosome 
core particle represents the first level of organization, with a packing ratio of ~6. The 
second level of organization is the coiling of the series of nucleosomes into a helical array 
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to form the fiber with ~30 nm diameter, which is found in both interphase chromatin and 
mitotic chromosomes. This brings the packing ratio of DNA to ~40 in chromatin. The 
fiber-like structure requires additional proteins, which has not been well defined. The 
final packing ratio is determined by the third level of organization, the packaging of the 
30 nm fiber itself. This gives a total packing ratio of ~ 1000 in euchromatin, cyclically 
interchangeable with packing into mitotic chromosomes to reach an overall ratio of 
~10,000. Heterochromatin generally has a packing ratio -10,000 in both interphase and 
mitosis (Fig 1) (Lewin, 2004). 
 
 
 
 
 
 
Fig. 1. Chromatin structure in eukaryotic cells 
Local chromatin architecture is now generally recognized as an important factor in the 
regulation of gene expression. This architecture of chromatin is strongly regulated by post-
translational modifications of the N-terminal tails of the histones. Core histones are 
subjected to a wide range of covalent modifications including methylation, acetylation, 
phosphorylation, ubiquitination, sumoylation, ADP ribosylation, deamination, 
prolineisomerization (Fig 2) (Jovanovic et al., 2010). These modifications lead to a 
combinatorial histone code that demarcates chromatin regions for transcription activation or 
repression. Although the histone code is not fully investigated, specific marks such as lysine 
acetylation (H3K9ac, H3K18ac, and H4K12ac), lysine trimethylation (H3K4me3), and 
arginine dimethylation (H4R3me2) are generally associated with transcriptionally active 
gene promoters, whereas some other modifications such as lysine methylation (H3K9me2, 
H3K9me3 and  H4K20me3) are associated with transcriptional repression. Global loss of 
acetylation (K16) and trimethylation (K20) of histone H4 have been shown to be 
characteristic of human cancer (Elsheikh et al., 2009). 
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Fig. 2. Major sites of histone modifications 
2.2 Histone modifications in breast cancer 
2.2.1 Histone acetylation in breast cancer 
Histone acetylation is a dynamic process directed by histone acetyltransferases (HATs) and 
histone deacetylases (HDACs). Normally, Transcription factors recruit coactivators with 
HAT activity to regulatory DNA sites, whereas transcriptional repressors recruit 
corepressors with HDAC activity (Sun et al., 2001). A summary of known HAT proteins is 
presented in Table 1 (Sterner et al., 2000; Yang, 2004; Kimura et al., 2005).  
Many HATs have also be showed to be involved in breast cancer. Among of them, 
p300/CBP and NCOAs are the most important and well-characterised HAT proteins 
associated with breast cancer. 
2.2.1.1 p300/CBP 
p300 and its close homolog CBP (CREB-binding protein) are often referred to as a single 
entity. p300 and CBP share several conserved domains: (1) the bromodomain (Br), which is 
frequently found in mammalian HATs; (2) three cysteine-histidine (CH)-rich domains (CH1, 
CH2 and CH3); (3) a KIX domain; and (4) an ADA2-homology domain, which shows 
extensive similarity to Ada2p, a yeast transcriptional co-activator. The N- and C-terminal 
domains of p300/CBP can act as transactivation domains, and the CH1, CH3 and the KIX 
domains are likely to be important in mediating protein-protein interactions, and a number 
of cellular and viral proteins bind to these regions. The acetyl-transferase domain is located 
in the central region of the protein, and the Br domain could function in recognising 
different acetylated motifs (Fig 3A, B) (Chan et al., 2001). p300/CBP contribute to acetylation 
of H3-K56 and promotes the subsequent assembly of newly-synthesized DNA into 
chromatin (Das et al., 2009). It is a non-DNA-binding transcriptional coactivator which 
stimulates transcription of target genes by interacting, either directly or through cofactors, 
with numerous promoter-binding transcription factors such as CREB, nuclear hormone 
receptors, and oncoprotein-related activators such as c-Fos, c-Jun, c-Myb and AML1 (Fig 3C) 
(Kitabayashi et al., 1998; Sterner et al., 2000).  
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Family Members Histone 
specificity 
Basic functions 
P300/CBP  H2A/H2B/H
3/H4 
Global transcriptional coactivator 
Nuclear 
receptor 
coactivators 
(p160, SRC) 
 H3/H4 Nuclear receptor coactivators 
(transcriptional response to hormone 
signals) 
NCOA1 
(SRC-1) 
 
NCOA2 
(SRC-2) 
 
NCOA3 
(SRC-3) 
 
GNAT    
 Hat1 H4 Histone deposition, chromatin 
assembly and gene silencing 
Gcn5 H3/H4 Transcriptional coactivator 
PCAF H3/H4 Transcriptional coactivator 
MYST    
Tip60 H2A/H3/ H4 Transcriptional co-regulator, DNA 
repair and apoptosis 
MOZ H3 Transcriptional coactivator 
MORF H2A/H3/ H4 Transcriptional coactivator (strong 
homology to MOZ) 
HBO1 H3/H4 DNA replication, transcriptional 
corepressor 
TAFII250  H3/H4 TBP-associated factor, transcription 
initiation, kinase and ubiquitin ligase 
TFIIIC  H3/H4 RNA polymerase III transcription 
initiation 
TFIIIC220  
TFIIIC110  
TFIIIC90  
ATF-2  H4/H2B Transcriptional activator 
CIITA  H4 Transcriptional coactivator 
CDY  H4 Histone-to-protamine transition 
during spermatogenesis 
Table 1. Summary of major human HATs 
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Fig. 3. Organisation of p300/CBP proteins. (A) Comparison of p300 and CBP. The dark 
regions indicate the areas of highest homology; (B) The functional domains in p300; (C) One 
of the potential model for the action of p300/CBP in the transcriptional regulation 
(Kitabayashi et al., 1998; Sterner et al., 2000). 
p300/CBP is a ubiquitously expressed, global transcriptional coactivator that is involved in 
most important cellular programs, such as cell cycle control, differentiation, and apoptosis. 
Mice nullizygous for p300 or double heterozygous for p300 and CBP showed defects in 
neurulation and heart development, and then exhibited embryonic lethality, and mutations 
in p300 and CBP are associated with certain human disease processes (Giles et al., 1998; Yao 
et al., 1998; Giordano et al., 1999). A role for p300 in tumor suppression has been proposed 
by the fact that disturbance of p300 function by viral oncoproteins is essential for the 
transformation of rodent primary cells and, consistent with this hypothesis, mutations of 
p300 have been identified in certain types of human cancers, including breast carcinomas 
(Gayther et al., 2000).  
It showed that both the localization of p300 and the recruitment to aggresomes differ between 
breast cancers and normal mammary glands. The expression level of p300 in breast cancer 
epithelia is higher than that in normal mammary gland. Cytoplasmic localization of p300 was 
also observed in tumor epithelia whereas nuclear localization was found in normal mammary 
glands in both animal models and in non-malignant adjacent areas of human breast cancer 
specimens. Proteasomal inhibition induced p300 redistribution to aggresomes in tumor but not 
in normal mammary gland-derived cells (Fermento et al., 2010). 
The regulation of gene expression by nuclear receptors (NRs) controls the phenotypic 
properties and diverse biologies of target cells. In breast cancer cells, estrogen receptor alpha 
(ERα) is a master regulator of transcriptional stimulation and repression (Frasor et al., 2003). 
Upon E2 treatment, gene transcription is widely impacted, creating highly complex 
regulatory networks whose ultimate goal is the stimulation or suppression of specific 
biological processes. p300/CBP can function as a transcriptional cofactor of ERs and other 
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nuclear hormone receptors (Hanstein et al., 1996). Compared to CBP, NRIP1 and NCOAs, 
which play more gene-specific roles in the ER-dependent transcription, p300 seemed to be 
the only cofactor that appeared to be recruited at all the target genes of ER and plays a 
central role in both transcriptional activation and repression. After E2 treatment, ERα 
recruits coactivator complexes including of p300 and initiates transient stimulation of 
transcription via binds to ERα binding sites of target genes. If it could offer a more stable 
nucleation site for coactivator proteins (i.e. SRC-3), leading to histone acetylation and 
engagement of RNA polymerase II (Pol II), the transcriptional activation status would be 
maintained. Alternatively, ERα can cause transcriptional repression by recruiting, via p300, 
CtBP1-containing repressor complexes which lead to RNA polymerase II dismissal and 
histone deacetylation (Fig 4) (Stossi et al., 2009). In addition, the breast cancer susceptibility 
gene BRCA1 can strongly inhibits the transcriptional activity of ERα in human breast and 
prostate cancer cell lines, and this event is correlates with its down-regulation of p300 (but 
not CBP) (Fan et al., 2002). p300 also plays roles in the regulation of CYP19 I.3/II 
(aromatase), the key enzyme in estrogen biosynthesis and an important target in breast 
cancer (Subbaramaiah et al., 2008). 
 
 
Fig. 4. Proposed model for ERα-mediated activation or repression of target genes via p300 
(Stossi et al., 2009). 
Another important role of p300 in breast cancer is the regulation of p53, a famous tumor 
suppressor. p53 can be acetylated by p300 in response to DNA damage to regulate its DNA-
binding and transcriptional functions (Yuan et al., 1999). What’s more, the N terminus of 
p300/CBP exhibits the ubiquitin ligase E3/E4 activity and is required for physiologic p53 
polyubiquitination and degradation. Depletion of CBP or p300 could enhance the 
stabilization of p53 (Grossman et al., 2003; Shi et al., 2009). 
Furthermore, p300/CBP has also been identified as a coactivator of HIF1α (hypoxia-
inducible factor 1 alpha), and thus plays a role in the stimulation of hypoxia-induced genes 
(such as VEGF, GLUT1, etc) and development of glycolysis, which is the most important 
metabolic marker of cancer (Ruas et al., 2005).  
2.2.1.2 Nuclear receptor coactivators 
The Nuclear receptor coactivator family (NCOA), also named as p160 or steroid receptor 
coactivator, contains three homologous members: NCOA1 (SRC-1), NCOA2 (SRC-2, GRIP1 
www.intechopen.com
 
Histone Modification and Breast Cancer 
 
327 
or TIF2) and NOCA3 (SRC-3, p/CIP, RAC3, ACTR, AIB1 or TRAM-1). These three members 
have an overall sequence similarity of 50–55% and sequence identity of 43–48%. They 
contain three structural domains. The N-terminal basic helix-loop-helix-Per/ARNT/ Sim 
(bHLH-PAS) domain is the most conserved region and is required for interact with several 
transcription factors (such as myogenin, MEF-2C and TEF, but not be obligator for NRs) and 
then enhance the transcription (Onate et al., 1995; Belandia et al., 2000). The central region 
contains three LXXLL (L, leucine; X, any amino acid) motifs, which form an amphipathic α-
helix and are responsible for interacting with NRs (Heery et al., 1997; Darimont et al., 1998). 
The C-terminus contains two intrinsic transcriptional activation domains (AD1 and AD2). 
The AD1 region binds p300/CBP (but not interact with NRs), and this recruitment of 
p300/CBP to the chromatin is essential for NCOA-mediated transcriptional activation (Yao 
et al., 1996). The AD2 domain interacts with histone methyltransferases, coactivator-
associated arginine methyltransferase 1 (CARM1) and protein arginine methyltransferases 
(PRMT1) (Koh et al., 2001). Based on such molecular features, NCOAs interact with ligand-
bound nuclear receptors and recruit histone acetyltransferases and methyltransferases to 
specific enhancer/promotor regions, which in turn results in chromatin remodeling, 
assembly of general transcription factors and recruitment of RNA Polymerase II for 
transcriptional activation (Fig 5) (Zhang et al., 2004; Xu et al., 2009). Furthermore, The C-
termini of NCOAs itself also contain HAT activity domains (Chen et al., 1997; Spencer et al., 
1997), and the poly Q encoding sequence in the C-terminal of NCOA3 gene is genetically 
unstable and is an easy target for somatic mutations in cancer cells (Wong et al., 2006). 
 
 
Fig. 5. Molecular structure of NCOAs and their functional mechanisms in steroid hormone-
induced gene expression. Abbreviations: H, hormone; NRID, NR interaction domain; TBP, 
the TATA binding protein; TAFIIs, TBP-associated general transcription factors (GTFs). 
Except of NRs, NCOAs also serve as coactivators for many other transcription factors 
associated with breast cancer, such as HIF1, NF-κB, E2F1, p53, RB and MRTFs (Zhang et al., 
2004; Xu et al., 2009). By regulating a broad range of gene expression controlled by NRs and 
non-NR transcription factors, NCOAs regulate diverse events in the development of breast 
cancer. Either NCOA1 or NCOA2 deficiency can reduce ductal side branching and 
alveologenesis in the mammary gland (Xu et al., 1998; Mukherjee et al., 2006), and 
NCOA3−/− mice show growth retardation, delayed puberty, reduced female reproductive 
function and blunted mammary gland development (Xu et al., 2000).  
In normal human breast, the levels of the three NCOA proteins in epithelial cells are usually 
low or undetectable (Hudelist et al., 2003). NCOA1 is overexpressed in 19% to 29% of breast 
cancers and plays important roles in cell proliferation, lymph node metastasis, disease 
recurrence and poor disease-free survival (DFS) (Fleming et al., 2004). Therefore, elevated 
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NCOA1 has been regarded as an independent predictor of breast cancer recurrence following 
therapy (Redmond et al., 2009). Although the evidence were not very sufficient, NCOA2 
overexpression might also promote proliferation and invasion of breast cancer cells (Kishimoto 
et al., 2005). The amplification (in less than 10%) and elevated expression (in over 30%) of 
NCOA3 were be detected in breast cancer, and its overexpression in breast cancer usually 
correlates with the expression of ERBB2 , matrix metalloproteinase 2 (MMP2), MMP9 and 
PEA3 and with larger tumor size, higher tumor grade, and/or poor DFS (Anzick et al., 1997; 
Hudelist et al., 2003; Harigopal et al., 2009; Xu et al., 2009). What’s more, elevated NCOA3 is 
able to promote estrogen-independent cell proliferation depends on the function of E2F1 and 
the association between NCOA3 and E2F1, but not ER (Louie et al., 2004). 
In addition, NCOAs play important roles in the chemotherapy resistance of breast cancer. 
Increased expression levels of the ER-NCOA3 complex were found in tamoxifen-resistant 
cells, and such overexpression of NCOA3 could enhance the agonist activity of tamoxifen 
and therefore, reduces its antitumor activity in patients with breast cancer (Smith et al., 1997; 
Zhao et al., 2009).  
2.2.1.3 HDACs 
The 18 HDACs identified so far can be categorized into four classes: class I (HDAC1–3, 
HDAC8), class II (HDAC4–7, 9–10), class III (Sirtuin1–7) and class IV (HDAC11). Class I, II, 
and IV HDACs share homology in both sequence and structure and all require a zinc ion for 
catalytic activity. In contrast, class III HDACs shares no similarities in their sequence or 
structure with class I, II, or IV HDACs and requires nicotinamide adenine dinucleotide 
(NAD+) for catalytic activity (Ellis et al., 2009; Mottet et al., 2010). HDACs remove the acetyl 
groups from histone lysine tails and are thought to facilitate transcriptional repression by 
decreasing the level of histone acetylation. Like HATs, HDACs also have non-histone 
targets (Bolden et al., 2006; Wang et al., 2007).  
Several HDACs have been found to be involved in breast cancer. In ER-positive breast 
cancer MCF-7 cells, expression of HDAC6 was increased after being treated by estradiol, 
and the elevated HDAC6 could deacetylate alpha-tubulin and increase cell motility. While 
the ER antagonist tamoxifen (TAM) or ICI 182,780 could prevent estradiol-induced HDAC6 
upregulation, and then reduce cell motility. The in vivo assays showed that the patients with 
high levels of HDAC6 mRNA tended to be more responsive to endocrine treatment than 
those with low levels, indicating that the levels of HDAC6 expression might be used as  both 
as a marker of endocrine responsiveness and also as a prognostic indicator in breast cancer 
(Zhang et al., 2004; Saji et al., 2005). Besides, HDAC1, Sirtuin3 (SIRT3), SIRT7 are all 
overexpressed in breast cancer (Zhang et al., 2005; Michan et al., 2007; Saunders et al., 2007). 
HDAC4 overexpression and mutations have also been found in breast cancer samples 
(Sjoblom et al., 2006).  
2.2.2 Histone methylation in breast cancer 
Histones can be mono-, di-, or tri-methylated at lysine or arginine residues by histone 
methyltransferases (HMTs). Many HMTs, including both lysine-specific HMTs (eg. SMYD3) 
and arginine-specific HMTs (eg. PRMT1 and CARM1), have been shown to act as ER 
coactivators and be involved in breast cancer. 
2.2.2.1 Histone lysine methyltransferase (HKMTs) 
Histone lysine methylation occurs on histone H3 at ε-amino group of lysines 4, 9, 14, 27, 36, 
and 79 and on histone H4 at lysines 20 and 59 (Strahl et al., 2000; Lee et al., 2005). In general, 
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methylation at H3K4 or H3K36, mono- methylations of H3K27, H3K9, H4K20, H3K79, and 
H2BK5 is associated with transcriptional activation, whereas trimethylations of H3K27, 
H3K9 H3K79, and H4K20 are linked to transcriptional repression (Rea et al., 2000; 
Kouzarides, 2007; Wang et al., 2007). Many HKMTs have been isolated and characterized 
(Tab 2). Up to now, except of Dot1, all the HKMTs contains a conserved SET [Su(var), 
Enhancer of zeste, trithorax] domain that is responsible for catalysis and binding of cofactor 
S-adenosyl-l- methionine (AdoMet), and many of them has been shown to play roles in the 
breast cancer. 
NSD3 is amplified in human breast cancer cell lines and primary tumors and identified at 
the breakpoint of t(8;11)(p11.2;p15), resulting in a fusion of the NUP98 and NSD genes 
(Angrand et al., 2001; Rosati et al., 2002). 
SMYD3 is a novel SET-domain-containing lysine histone methyltransferase which has been 
regarded as an important factor in carcinogenesis. Formed a complex with RNA polymerase 
II through an interaction with the RNA helicase HELZ, SMYD3 specifically methylates 
H3K4 and activates the transcription of a set of downstream genes (including of Nkx2.8, 
hTERT, WNT10B, VEGFR1, c-Met, etc) containing a ‘‘5′ - CCCTCC - 3′” or “5′ - GGAGGG - 
3” sequence in the promoter region (Fig 6) (Hamamoto et al., 2004; Hamamoto et al., 2006; 
Kunizaki et al., 2007; Zou et al., 2009). It seems that the N-terminal region of SMYD3 plays 
an important role for the regulation of its methyltransferase activity, and the cleavage of 34 
amino acids in the N-terminal region or interaction with heat shock protein 90 alpha 
(HSP90α) may enhance the histone methyltransferase (HMTase) activity compared to the 
full-length protein (Silva et al., 2008). Enhanced expression of SMYD3 is essential for the 
growth of many cancer cells (such as breast cancer, colorectal carcinoma, hepatocellular 
carcinoma, etc), and it also could stimulate cell adhesion and migration, whereas 
suppression of SMYD3 by RNAi or other reagents induces apoptosis and inhibits cell 
proliferation and migration (Hamamoto et al., 2004; Hamamoto et al., 2006; Luo et al., 2007; 
Wang et al., 2008; Luo et al., 2009; Zou et al., 2009; Luo et al., 2010). SMYD3 may be an 
important coactivator of estrogen receptor (ER) in the estrogen signal pathway. It can 
directly interact with the ligand binding domain of ER, in turn augments ER target gene 
expression via histone H3-K4 methylation (Kim 2009).  
 
 
Fig. 6. SMYD3-mediated histone H3-K4 methylation and transcriptional regulation. (Sims et 
al., 2004) 
EZH2 overexpression has been found in breast cancer, its elevation is associated with poor 
prognosis. It seems that EZH2 might be associated with the regulation of pRB–E2F pathway 
and genes involved in homologous recombination pathway of DNA repair (Zeidler et al., 
2005). However, the detailed mechanism of EZH2 in cancer is not yet clear. Another study 
has shown that EZH2 is also overexpressed in preneoplastic breast lesions and 
morphologically normal breast epithelium adjacent to the pre-invasive and invasive lesions, 
indicating that it might be a marker of epithelium at higher risk for neoplastic 
transformation (Ding et al., 2006). 
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Family Members 
Histone 
specificity 
Basic functions 
SET domain-containing proteins  
SUV39 SUV39H1, SUV39H2, SULT1E1, G9A, 
CLLL8 
H3K9 Transcriptional 
repression 
SET1 MLL1, MLL2, MLL3 H3K4 Transcriptional 
activation 
SET2 NSD1 H3K36, 
H4K20 
Transcriptional 
activation 
NDS2 H4K20 Transcriptional 
activation 
NSD3 H3K4, 
H3K27 
Mainly be 
transcriptional 
repression 
SETD2 H3K36 Transcriptional 
activation 
SMYD SMYD1 H3K4 Transcriptional 
repression 
SMYD2 H3K36 Transcriptional 
activation 
SMYD3 H3K4 Mainly be 
transcriptional 
activation 
SMYD4 Unclear Transcriptional 
repression 
SMYD5 Unclear Unclear 
EZ EZH2 H3K27 Transcriptional 
repression 
SUV4~20 SUV4~20H1, SUV4~20H2 H4K20 Heterochromatin 
PRDM2  H3K9 Transcriptional 
activation 
Others SET7/9 H3K4 Transcriptional 
activation 
SETD8 H4K20 Transcriptional 
repression 
SETDB1 H3K9 Transcriptional 
repression 
EHMT1 H3K9, 
H3K27 
Transcriptional 
repression 
Non-SET domain-containing proteins  
Dot1 Dot1L H3K79 Transcriptional 
repression 
Table 2. Summary of major human HKMTs (Pan et al., 2010) 
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PRDM2 (RIZ1) was originally identified as a pRb-binding protein, and its inactivation and 
underexpression via mutations or promoter hypermethylation had been found in a number 
of tumors including breast, colon, liver and lung cancers, as well as neuroblastoma, 
melanoma and osteosarcomas (Kim et al., 2003; Wang et al., 2007). Overexpression of 
PRDM2 induces G2/M cell-cycle arrest and apoptosis in tumor cell lines, while PRDM2-/- 
mice are prone to developing B cell lymphoma and stomach cancer (Steele-Perkins et al., 
2001; Gibbons, 2005). 
2.2.2.2 Histone arginine methyltransferase (HRMTs) 
The protein arginine methyltransferase (PRMT) family is the major HRMTs up to now. The 
PRMTs are classified into four groups depending on the type of methylarginine they 
generate: Type I PRMTs (PRMT1, PRMT2, PRMT3, PRMT4, PRMT6 and PRMT8) catalyze 
the formation of ω-NG, monomethylarginines (MMA) and ω-NG, NG-asymmetric 
dimethylarginines (aDMA); Type II  PRMTs (PRMT5, PRMT7 and PRMT9) catalyze the 
formation of MMA and ω-NG, N’G-symmetric dimethylarginines (sDMA); Type III PRMTs 
(remained unclear) catalyze only the monomethylation of arginine residues in proteins; 
Type IV PRMTs (only be found in Saccharomyces cerevisiae up to date) catalyze the 
methylation at delta (Δ) nitrogen atom of arginine residues (Niewmierzycka et al., 1999; 
Boisvert et al., 2005; Bachand, 2007).  
Compared to HKMTs, The evidence for the involvement of HRMTs in human cancers is 
not as solid. However, underexpression of PRMT1 has been observed in breast cancer 
(Scorilas et al., 2000). PRMT4, also known as coactivator-associated arginine 
methyltransferase-1 (CARM1), is a coactivator for nuclear receptors and is oversexpressed 
in prostate and breast cancers (El et al., 2006). PRMT4 plays an important role in estrogen-
induced cell cycle progression in the MCF-7 breast cancer cell line. Upon estrogen 
stimulation, the E2F1 promoter is subject to PRMT4-dependent dimethylation on H3R17, 
and this recruitment of PRMT4 by ERα are dependent on the presence of the NCOA3 
(Frietze et al., 2008). 
2.2.2.3 Histone demethylase 
It used to be considered that histone methylation was a permanent and irreversible histone 
modification. However, in recent decade, many enzymes have been identified with the 
ability to demethylate methylated histone lysine/arginine residues via amine oxidation, 
hydroxylation or deimination (Cloos et al., 2008). The histone demethylases could be 
divided into three distinct classes. The first class (petidylarginine deiminase 4, PADI4) 
converts a methyl-lysine to citrulline. The second class (lysine-specific demethylase 1, LSD1) 
reverses histone H3K4 and H3K9 modifications by an oxidative demethylation reaction. The 
third class of demethylases is the family of Jumonji C (JmjC)-domain containing histone 
demethylases (JHDMs). Contrast to LSD1, JHDMs can demethylate all three methylated 
states (mono- di- and tri-methylated lysine). Up to now, JHDMs have been found to 
demethylate H3K36 (JHDM1), H3K9 (JHDM2A) and H3K9/K27 (JHDM3 and JMJD2A-D) 
(Klose et al., 2006; Miremadi et al., 2007). 
Histone demethylase JARID1B (PLU-1) is shown to be overexpressed in breast cancers but 
low expressed in normal adult tissues, and it is essential for the proliferation of the MCF-7 
breast cancer cell line and for the tumor growth of mammary carcinoma cells in nude mice. 
Several target genes of JARID1B have also been identified to be associated with breast 
cancer proliferation, such as 14–3–3σ, BRCA1, CAV1, and HOXA5 (Lu et al., 1999; Yamane 
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et al., 2007). LSD1 might be a coactivator in the ER signalling (Garcia-Bassets et al., 2007). 
JMJD1C expression is decreased in breast cancer tissues compared with normal breast 
tissues, indicating that it might be a tumor suppressor (Wolf et al., 2007). 
2.2.3 Histone phosphorylation in breast cancer 
Phosphorylation is also thought to have a role in chromatin remodeling and in the initiation 
of gene transcription, and therefore be associated with the development of human cancer 
(Espino et al., 2006; Wang et al., 2007). Phosphorylation of H3 on S10 and S28 is important 
not only during mitotic chromosome condensation but also in transcriptional activation of 
immediate early genes. The number of H3 pS10 foci was increased, and these TPA-induced 
foci were positioned next to actively transcribed regions in the nucleus after TPA 
stimulating of MCF-7 breast cancer cells. Presumably, these nuclear sites represent the 
nuclear location of genes that are induced or in a competent state. Thus, growth factors 
stimulating the Ras/MAPK and increasing H3 pS10 at transcriptionally active loci may 
contribute to aberrant gene expression and breast cancer progression (Espino et al., 2006). 
2.2.4 The other histone modifications in breast cancer 
Besides the acetylation, methylation and phosphorylation, there are some other modification 
occurred in the histone. These epigenetic changes include ubiquitination/sumoylation, 
ADP-ribosylation, deamination, and proline isomerisation. Although the knowledge of their 
functions and mechanisms is still little, some studies have showed that they are also 
associated with breast cancer and other human cancers.  
The regulation of gene expression by phosphorylated and undersumoylated PRs is a novel 
form of hormone independent PR action that is predicted to contribute to breast cancer cell 
growth and survival (Daniel et al., 2009). Recent studies revealed that E3 ubiquitin ligases 
play important roles in breast carcinogenesis. ubiquitin-mediated protein degradation plays 
an important role in many cancer-related cellular processes. E3s play critical roles because 
they control the substrate specificity. Accumulating evidence suggests that genetic and 
expression alteration of E3s contributes to breast carcinogenesis (Chen et al., 2006). 
histone sumoylation as a component of the group of modifications that appear to govern 
chromatin structure and function to mediate transcriptional repression and gene silencing 
(Shiio et al., 2003). A better understanding of the epigenetic mechanisms that cause 
transcriptional repression has allowed researchers to find new agents that are very effective 
in inducing apoptosis , differentiation, and/or cell growth arrest in human breast cancer, 
lung cancer, thoracic cancer, leukemia, and colon cancer cell lines (Giacinti et al., 2006). 
2.3 Histone modification inhibitors and breast cancer 
As discussed above, histone modification could be used as a novel target for the research of 
anticancer drugs. So far, several histone modification inhibitors have been developed. 
HDAC inhibitors are the most studied type of histone modification inhibitor up to now (Tab 
3).  
It showed that combination of the HDAC inhibitor vorinostat with paclitaxel and 
bevacizumab could induce a partial or complete response in more than 50% of patients with 
metastatic breast cancer (Wong, 2009; Jovanovic et al., 2010). In addition, the HDAC 
inhibitors have different role in ER+ and ER- breast cancer cells. In ER+ cells, HDAC 
inhibitors reduce the transcriptional level of ER and its response genes, while they 
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reestablish ER expression in ER- cell lines. But the HDAC inhibitor could potentiate and 
restore the efficacy of anti-estrogen therapy in preclinical models in either ER+ or ER- breast 
cancer cells. This has led to the initiation of several clinical trials combining HDAC 
inhibitors with anti-estrogen therapy (Thomas et al., 2009). LAQ824 is a novel inhibitor of 
HDAC that shows antineoplastic activity and can activate genes that produce cell cycle 
arrest. Combination of the LAQ824 and a DNMT inhibitor (decitabine) showed a synergistic 
(re-)activation of silenced tumor-suppressor genes in human MDA-MB-231 and MCF-7 
breast carcinoma cells (Hurtubise et al., 2006).  
 
Class In vivo preclinical activity 
Clinical 
phase 
Carboxylates  
(short-chain fatty acids) 
  
PA  Leukemia, glioblastoma I/II 
PB  Prostate, endometrial I/II 
VA  Brain, melanoma  I/II 
AN-9  NSCLC, leukemia I/II 
Hydroxamic acids   
SAHA  Lung, prostate, melanoma  I/II 
m-Carboxycinnamic acid 
bishydroxamic acid  
Neuroblastoma 
 
 
Suberic bishydroxamic acid Melanoma, sarcoma  
Pyroxamide  I 
TSA  Cervical, hepatoma,  
Oxamflatin  Melanoma  
NVP-LAQ824 Colon, multiple myeloma I 
Electrophillic ketones  
(epoxides) 
  
TPX   
AOE   
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Class In vivo preclinical activity 
Clinical 
phase 
Depudecin   
Cyclic peptides   
Apicidin Melanoma, leukemia  
FK-228, FR901228 
Melanoma, colon, sarcoma, 
fibrosarcoma, lung, gastric 
I/II 
Benzamides   
MS-275 
 
Leukemia, colorectal, gastric, 
pancreatic, lung, ovarian  
I/II 
CI-994 
Colorectal, pancreatic, mammary, 
prostate, sarcoma, leukemia 
I 
Other hybrid compounds   
CHAPs Melanoma, lung, stomach, breast  
Scriptaid   
Tubacin   
JNJ16241199   
A-161906   
6-(3-Chlorophenylureido)caproic 
hydroxamic acid 
  
PXD101 
Breast, prostate, ovarian, colon, 
NSCLC 
 
Table 3. Summary of major HDAC inhibitors (Acharya et al., 2005; Laird, 2005). 
3. Conclusion 
In summary, Histone modifications provide crucial regulatory functions in the process of 
gene transcription, and they play very important roles in the proliferation, metastasis, 
chemotherapy and other aspects of breast cancer, as well as many other human cancers. The 
reversibility of histone modification makes it could be regarded as one valuable target for 
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the development of novel anticancer strategies. The understanding of all these epigenetics 
changes and their contribution to breast cancer might take great progress in the field of 
diagnosis, prognosis and therapy of breast cancer. 
4. Acknowledgment 
This work was financially supported by the National Basic Research Program of China (973 
Program) (NO. 2009CB825504), the National Natural Science Fundation of China (NO. 
31000343), the High School Science & Technology Development Fundation of Tianjin 
(NO.20090602) and the Scientific Research Launch Fund for Introduction of Talents into 
Tianjin University of Science & Technology (No. 20080414). 
5. References 
Acharya, M. R., A. Sparreboom, J. Venitz and W. D. Figg (2005). "Rational development of 
histone deacetylase inhibitors as anticancer agents: a review." Mol Pharmacol 68 (4): 
917-32. 
Angrand, P. O., F. Apiou, A. F. Stewart, B. Dutrillaux, R. Losson and P. Chambon (2001). 
"NSD3, a new SET domain-containing gene, maps to 8p12 and is amplified in 
human breast cancer cell lines." Genomics 74 (1): 79-88. 
Anzick, S. L., J. Kononen, R. L. Walker, D. O. Azorsa, M. M. Tanner, X. Y. Guan, G. Sauter, 
O. P. Kallioniemi, J. M. Trent and P. S. Meltzer (1997). "AIB1, a steroid receptor 
coactivator amplified in breast and ovarian cancer." Science 277 (5328): 965-8. 
Bachand, F. (2007). "Protein arginine methyltransferases: from unicellular eukaryotes to 
humans." Eukaryot Cell 6 (6): 889-98. 
Bartova, E., J. Krejci, A. Harnicarova, G. Galiova and S. Kozubek (2008). "Histone 
modifications and nuclear architecture: a review." J Histochem Cytochem 56 (8): 
711-21. 
Belandia, B. and M. G. Parker (2000). "Functional interaction between the p160 coactivator 
proteins and the transcriptional enhancer factor family of transcription factors." J 
Biol Chem 275 (40): 30801-5. 
Boisvert, F. M., C. A. Chenard and S. Richard (2005). "Protein interfaces in signaling 
regulated by arginine methylation." Sci STKE 2005 (271): re2. 
Bolden, J. E., M. J. Peart and R. W. Johnstone (2006). "Anticancer activities of histone 
deacetylase inhibitors." Nat Rev Drug Discov 5 (9): 769-84. 
Chan, H. M. and N. B. La Thangue (2001). "p300/CBP proteins: HATs for transcriptional 
bridges and scaffolds." J Cell Sci 114 (Pt 13): 2363-73. 
Chen, C., A. K. Seth and A. E. Aplin (2006). "Genetic and expression aberrations of E3 
ubiquitin ligases in human breast cancer." Mol Cancer Res 4 (10): 695-707. 
Chen, H., R. J. Lin, R. L. Schiltz, D. Chakravarti, A. Nash, L. Nagy, M. L. Privalsky, Y. 
Nakatani and R. M. Evans (1997). "Nuclear receptor coactivator ACTR is a novel 
histone acetyltransferase and forms a multimeric activation complex with P/CAF 
and CBP/p300." Cell 90 (3): 569-80. 
www.intechopen.com
 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 
 
336 
Cloos, P. A., J. Christensen, K. Agger and K. Helin (2008). "Erasing the methyl mark: histone 
demethylases at the center of cellular differentiation and disease." Genes Dev 22 (9): 
1115-40. 
Daniel, A. R. and C. A. Lange (2009). "Protein kinases mediate ligand-independent 
derepression of sumoylated progesterone receptors in breast cancer cells." Proc 
Natl Acad Sci U S A 106 (34): 14287-92. 
Darimont, B. D., R. L. Wagner, J. W. Apriletti, M. R. Stallcup, P. J. Kushner, J. D. Baxter, R. J. 
Fletterick and K. R. Yamamoto (1998). "Structure and specificity of nuclear 
receptor-coactivator interactions." Genes Dev 12 (21): 3343-56. 
Das, C., M. S. Lucia, K. C. Hansen and J. K. Tyler (2009). "CBP/p300-mediated acetylation of 
histone H3 on lysine 56." Nature 459 (7243): 113-7. 
Ding, L., C. Erdmann, A. M. Chinnaiyan, S. D. Merajver and C. G. Kleer (2006). 
"Identification of EZH2 as a molecular marker for a precancerous state in 
morphologically normal breast tissues." Cancer Res 66 (8): 4095-9. 
El, M. S., E. Fabbrizio, C. Rodriguez, P. Chuchana, L. Fauquier, D. Cheng, C. Theillet, L. 
Vandel, M. T. Bedford and C. Sardet (2006). "Coactivator-associated arginine 
methyltransferase 1 (CARM1) is a positive regulator of the Cyclin E1 gene." Proc 
Natl Acad Sci U S A 103 (36): 13351-6. 
Ellis, L., P. W. Atadja and R. W. Johnstone (2009). "Epigenetics in cancer: targeting 
chromatin modifications." Mol Cancer Ther 8 (6): 1409-20. 
Elsheikh, S. E., A. R. Green, E. A. Rakha, D. G. Powe, R. A. Ahmed, H. M. Collins, D. Soria, J. 
M. Garibaldi, C. E. Paish, A. A. Ammar, M. J. Grainge, G. R. Ball, M. K. 
Abdelghany, L. Martinez-Pomares, D. M. Heery and I. O. Ellis (2009). "Global 
histone modifications in breast cancer correlate with tumor phenotypes, prognostic 
factors, and patient outcome." Cancer Res 69 (9): 3802-9. 
Espino, P. S., L. Li, S. He, J. Yu and J. R. Davie (2006). "Chromatin modification of the trefoil 
factor 1 gene in human breast cancer cells by the Ras/mitogen-activated protein 
kinase pathway." Cancer Res 66 (9): 4610-6. 
Fan, S., Y. X. Ma, C. Wang, R. Q. Yuan, Q. Meng, J. A. Wang, M. Erdos, I. D. Goldberg, P. 
Webb, P. J. Kushner, R. G. Pestell and E. M. Rosen (2002). "p300 Modulates the 
BRCA1 inhibition of estrogen receptor activity." Cancer Res 62 (1): 141-51. 
Fermento, M. E., N. A. Gandini, C. A. Lang, J. E. Perez, H. V. Maturi, A. C. Curino and M. 
M. Facchinetti (2010). "Intracellular distribution of p300 and its differential 
recruitment to aggresomes in breast cancer." Exp Mol Pathol 88 (2): 256-64. 
Fleming, F. J., E. Myers, G. Kelly, T. B. Crotty, E. W. McDermott, N. J. O'Higgins, A. D. Hill 
and L. S. Young (2004). "Expression of SRC-1, AIB1, and PEA3 in HER2 mediated 
endocrine resistant breast cancer; a predictive role for SRC-1." J Clin Pathol 57 (10): 
1069-74. 
Frasor, J., J. M. Danes, B. Komm, K. C. Chang, C. R. Lyttle and B. S. Katzenellenbogen (2003). 
"Profiling of estrogen up- and down-regulated gene expression in human breast 
cancer cells: insights into gene networks and pathways underlying estrogenic 
control of proliferation and cell phenotype." Endocrinology 144 (10): 4562-74. 
www.intechopen.com
 
Histone Modification and Breast Cancer 
 
337 
Frietze, S., M. Lupien, P. A. Silver and M. Brown (2008). "CARM1 regulates estrogen-
stimulated breast cancer growth through up-regulation of E2F1." Cancer Res 68 (1): 
301-6. 
Garcia-Bassets, I., Y. S. Kwon, F. Telese, G. G. Prefontaine, K. R. Hutt, C. S. Cheng, B. G. Ju, 
K. A. Ohgi, J. Wang, L. Escoubet-Lozach, D. W. Rose, C. K. Glass, X. D. Fu and M. 
G. Rosenfeld (2007). "Histone methylation-dependent mechanisms impose ligand 
dependency for gene activation by nuclear receptors." Cell 128 (3): 505-18. 
Gayther, S. A., S. J. Batley, L. Linger, A. Bannister, K. Thorpe, S. F. Chin, Y. Daigo, P. Russell, 
A. Wilson, H. M. Sowter, J. D. Delhanty, B. A. Ponder, T. Kouzarides and C. Caldas 
(2000). "Mutations truncating the EP300 acetylase in human cancers." Nat Genet 24 
(3): 300-3. 
Giacinti, L., P. P. Claudio, M. Lopez and A. Giordano (2006). "Epigenetic information and 
estrogen receptor alpha expression in breast cancer." Oncologist 11 (1): 1-8. 
Gibbons, R. J. (2005). "Histone modifying and chromatin remodelling enzymes in cancer and 
dysplastic syndromes." Hum Mol Genet 14 Spec No 1: R85-92. 
Giles, R. H., D. J. Peters and M. H. Breuning (1998). "Conjunction dysfunction: CBP/p300 in 
human disease." Trends Genet 14 (5): 178-83. 
Giordano, A. and M. L. Avantaggiati (1999). "p300 and CBP: partners for life and death." J 
Cell Physiol 181 (2): 218-30. 
Grossman, S. R., M. E. Deato, C. Brignone, H. M. Chan, A. L. Kung, H. Tagami, Y. Nakatani 
and D. M. Livingston (2003). "Polyubiquitination of p53 by a ubiquitin ligase 
activity of p300." Science 300 (5617): 342-4. 
Hamamoto, R., F. P. Silva, M. Tsuge, T. Nishidate, T. Katagiri, Y. Nakamura and Y. 
Furukawa (2006). "Enhanced SMYD3 expression is essential for the growth of 
breast cancer cells." Cancer Sci 97 (2): 113-8. 
Hamamoto, R., Y. Furukawa, M. Morita, Y. Iimura, F. P. Silva, M. Li, R. Yagyu and Y. 
Nakamura (2004). "SMYD3 encodes a histone methyltransferase involved in the 
proliferation of cancer cells." Nat Cell Biol 6 (8): 731-40. 
Hanstein, B., R. Eckner, J. DiRenzo, S. Halachmi, H. Liu, B. Searcy, R. Kurokawa and M. 
Brown (1996). "p300 is a component of an estrogen receptor coactivator complex." 
Proc Natl Acad Sci U S A 93 (21): 11540-5. 
Harigopal, M., J. Heymann, S. Ghosh, V. Anagnostou, R. L. Camp and D. L. Rimm (2009). 
"Estrogen receptor co-activator (AIB1) protein expression by automated 
quantitative analysis (AQUA) in a breast cancer tissue microarray and association 
with patient outcome." Breast Cancer Res Treat 115 (1): 77-85. 
Heery, D. M., E. Kalkhoven, S. Hoare and M. G. Parker (1997). "A signature motif in 
transcriptional co-activators mediates binding to nuclear receptors." Nature 387 
(6634): 733-6. 
Hudelist, G., K. Czerwenka, E. Kubista, E. Marton, K. Pischinger and C. F. Singer (2003). 
"Expression of sex steroid receptors and their co-factors in normal and malignant 
breast tissue: AIB1 is a carcinoma-specific co-activator." Breast Cancer Res Treat 78 
(2): 193-204. 
www.intechopen.com
 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 
 
338 
Hurtubise, A. and R. L. Momparler (2006). "Effect of histone deacetylase inhibitor LAQ824 
on antineoplastic action of 5-Aza-2'-deoxycytidine (decitabine) on human breast 
carcinoma cells." Cancer Chemother Pharmacol 58 (5): 618-25. 
Ito, T. (2007). "Role of histone modification in chromatin dynamics." J Biochem 141 (5): 609-
14. 
Jemal, A., F. Bray, M. M. Center, J. Ferlay, E. Ward and D. Forman (2011). "Global cancer 
statistics." CA Cancer J Clin 61 (2): 69-90. 
Jovanovic, J., J. A. Ronneberg, J. Tost and V. Kristensen (2010). "The epigenetics of breast 
cancer." Mol Oncol 4 (3): 242-54. 
Kim, K. C., L. Geng and S. Huang (2003). "Inactivation of a histone methyltransferase by 
mutations in human cancers." Cancer Res 63 (22): 7619-23. 
Kimura, A., K. Matsubara and M. Horikoshi (2005). "A decade of histone acetylation: 
marking eukaryotic chromosomes with specific codes." J Biochem 138 (6): 647-62. 
Kishimoto, H., Z. Wang, P. Bhat-Nakshatri, D. Chang, R. Clarke and H. Nakshatri (2005). 
"The p160 family coactivators regulate breast cancer cell proliferation and invasion 
through autocrine/paracrine activity of SDF-1alpha/CXCL12." Carcinogenesis 26 
(10): 1706-15. 
Kitabayashi, I., A. Yokoyama, K. Shimizu and M. Ohki (1998). "Interaction and functional 
cooperation of the leukemia-associated factors AML1 and p300 in myeloid cell 
differentiation." EMBO J 17 (11): 2994-3004. 
Klose, R. J., E. M. Kallin and Y. Zhang (2006). "JmjC-domain-containing proteins   and 
histone demethylation." Nat Rev Genet 7 (9): 715-27. 
Koh, S. S., D. Chen, Y. H. Lee and M. R. Stallcup (2001). "Synergistic enhancement of nuclear 
receptor function by p160 coactivators and two coactivators with protein 
methyltransferase activities." J Biol Chem 276 (2): 1089-98. 
Kouzarides, T. (2007). "Chromatin modifications and their function." Cell 128 (4): 693-705. 
Kunizaki, M., R. Hamamoto, F. P. Silva, K. Yamaguchi, T. Nagayasu, M. Shibuya, Y. 
Nakamura and Y. Furukawa (2007). "The lysine 831 of vascular endothelial growth 
factor receptor 1 is a novel target of methylation by SMYD3." Cancer Res 67 (22): 
10759-65. 
Laird, P. W. (2005). "Cancer epigenetics." Hum Mol Genet 14 Spec No 1: R65-76. 
Lee, D. Y., C. Teyssier, B. D. Strahl and M. R. Stallcup (2005). "Role of protein methylation in 
regulation of transcription." Endocr Rev 26 (2): 147-70. 
Lewin, B. (2004). Genes VIII. Upper Saddle River, NJ, Pearson Prentice Hall. 
Louie, M. C., J. X. Zou, A. Rabinovich and H. W. Chen (2004). "ACTR/AIB1 functions as an 
E2F1 coactivator to promote breast cancer cell proliferation and antiestrogen 
resistance." Mol Cell Biol 24 (12): 5157-71. 
Lu, P. J., K. Sundquist, D. Baeckstrom, R. Poulsom, A. Hanby, S. Meier-Ewert, T. Jones, M. 
Mitchell, P. Pitha-Rowe, P. Freemont and J. Taylor-Papadimitriou (1999). "A novel 
gene (PLU-1) containing highly conserved putative DNA/chromatin binding 
motifs is specifically up-regulated in breast cancer." J Biol Chem 274 (22): 15633-45. 
Luo, X. G., J. N. Zou, S. Z. Wang, T. C. Zhang and T. Xi (2010). "Novobiocin decreases 
SMYD3 expression and inhibits the migration of MDA-MB-231 human breast 
cancer cells." IUBMB Life 62 (3): 194-9. 
www.intechopen.com
 
Histone Modification and Breast Cancer 
 
339 
Luo, X. G., T. Xi, S. Guo, Z. P. Liu, N. Wang, Y. Jiang and T. C. Zhang (2009). "Effects of 
SMYD3 overexpression on transformation, serum dependence, and apoptosis 
sensitivity in NIH3T3 cells." IUBMB Life 61 (6): 679-84. 
Luo, X. G., Y. Ding, Q. F. Zhou, L. Ye, S. Z. Wang and T. Xi (2007). "SET and MYND domain-
containing protein 3 decreases sensitivity to dexamethasone and stimulates cell 
adhesion and migration in NIH3T3 cells." J Biosci Bioeng 103 (5): 444-50. 
Michan, S. and D. Sinclair (2007). "Sirtuins in mammals: insights into their biological 
function." Biochem J 404 (1): 1-13. 
Miremadi, A., M. Z. Oestergaard, P. D. Pharoah and C. Caldas (2007). "Cancer genetics of 
epigenetic genes." Hum Mol Genet 16 Spec No 1: R28-49. 
Mottet, D. and V. Castronovo (2010). "Histone deacetylases: anti-angiogenic targets in cancer 
therapy." Curr Cancer Drug Targets 10 (8): 898-913. 
Mukherjee, A., S. M. Soyal, R. Fernandez-Valdivia, M. Gehin, P. Chambon, F. J. Demayo, J. 
P. Lydon and B. W. O'Malley (2006). "Steroid receptor coactivator 2 is critical for 
progesterone-dependent uterine function and mammary morphogenesis in the 
mouse." Mol Cell Biol 26 (17): 6571-83. 
Niewmierzycka, A. and S. Clarke (1999). "S-Adenosylmethionine-dependent methylation in 
Saccharomyces cerevisiae. Identification of a novel protein arginine 
methyltransferase." J Biol Chem 274 (2): 814-24. 
Onate, S. A., S. Y. Tsai, M. J. Tsai and B. W. O'Malley (1995). "Sequence and characterization 
of a coactivator for the steroid hormone receptor superfamily." Science 270 (5240): 
1354-7. 
Pan, H., X. G. Luo, S. Guo and Z. P. Liu (2010). "[Histone methylation and its relationship 
with cancer]." Sheng Li Ke Xue Jin Zhan 41 (1): 22-6. 
Rea, S., F. Eisenhaber, D. O'Carroll, B. D. Strahl, Z. W. Sun, M. Schmid, S. Opravil, K. 
Mechtler, C. P. Ponting, C. D. Allis and T. Jenuwein (2000). "Regulation of 
chromatin structure by site-specific histone H3 methyltransferases." Nature 406 
(6796): 593-9. 
Redmond, A. M., F. T. Bane, A. T. Stafford, M. McIlroy, M. F. Dillon, T. B. Crotty, A. D. Hill 
and L. S. Young (2009). "Coassociation of estrogen receptor and p160 proteins 
predicts resistance to endocrine treatment; SRC-1 is an independent predictor of 
breast cancer recurrence." Clin Cancer Res 15 (6): 2098-106. 
Rosati, R., R. La Starza, A. Veronese, A. Aventin, C. Schwienbacher, T. Vallespi, M. Negrini, 
M. F. Martelli and C. Mecucci (2002). "NUP98 is fused to the NSD3 gene in acute 
myeloid leukemia associated with t(8;11)(p11.2;p15)." Blood 99 (10): 3857-60. 
Ruas, J. L., L. Poellinger and T. Pereira (2005). "Role of CBP in regulating HIF-1-mediated 
activation of transcription." J Cell Sci 118 (Pt 2): 301-11. 
Saji, S., M. Kawakami, S. Hayashi, N. Yoshida, M. Hirose, S. Horiguchi, A. Itoh, N. Funata, S. 
L. Schreiber, M. Yoshida and M. Toi (2005). "Significance of HDAC6 regulation via 
estrogen signaling for cell motility and prognosis in estrogen receptor-positive 
breast cancer." Oncogene 24 (28): 4531-9. 
Saunders, L. R. and E. Verdin (2007). "Sirtuins: critical regulators at the crossroads between 
cancer and aging." Oncogene 26 (37): 5489-504. 
www.intechopen.com
 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 
 
340 
Scorilas, A., M. H. Black, M. Talieri and E. P. Diamandis (2000). "Genomic organization, 
physical mapping, and expression analysis of the human protein arginine 
methyltransferase 1 gene." Biochem Biophys Res Commun 278 (2): 349-59. 
Shi, D., M. S. Pop, R. Kulikov, I. M. Love, A. L. Kung and S. R. Grossman (2009). "CBP and 
p300 are cytoplasmic E4 polyubiquitin ligases for p53." Proc Natl Acad Sci U S A 
106 (38): 16275-80. 
Shiio, Y. and R. N. Eisenman (2003). "Histone sumoylation is associated with transcriptional 
repression." Proc Natl Acad Sci U S A 100 (23): 13225-30. 
Silva, F. P., R. Hamamoto, M. Kunizaki, M. Tsuge, Y. Nakamura and Y. Furukawa (2008). 
"Enhanced methyltransferase activity of SMYD3 by the cleavage of its N-terminal 
region in human cancer cells." Oncogene 27 (19): 2686-92. 
Sims, R. R. and D. Reinberg (2004). "From chromatin to cancer: a new histone lysine 
methyltransferase enters the mix." Nat Cell Biol 6 (8): 685-7. 
Sjoblom, T., S. Jones, L. D. Wood, D. W. Parsons, J. Lin, T. D. Barber, D. Mandelker, R. J. 
Leary, J. Ptak, N. Silliman, S. Szabo, P. Buckhaults, C. Farrell, P. Meeh, S. D. 
Markowitz, J. Willis, D. Dawson, J. K. Willson, A. F. Gazdar, J. Hartigan, L. Wu, C. 
Liu, G. Parmigiani, B. H. Park, K. E. Bachman, N. Papadopoulos, B. Vogelstein, K. 
W. Kinzler and V. E. Velculescu (2006). "The consensus coding sequences of human 
breast and colorectal cancers." Science 314 (5797): 268-74. 
Smith, C. L., Z. Nawaz and B. W. O'Malley (1997). "Coactivator and corepressor regulation 
of the agonist/antagonist activity of the mixed antiestrogen, 4-hydroxytamoxifen." 
Mol Endocrinol 11 (6): 657-66. 
Spencer, T. E., G. Jenster, M. M. Burcin, C. D. Allis, J. Zhou, C. A. Mizzen, N. J. McKenna, S. 
A. Onate, S. Y. Tsai, M. J. Tsai and B. W. O'Malley (1997). "Steroid receptor 
coactivator-1 is a histone acetyltransferase." Nature 389 (6647): 194-8. 
Steele-Perkins, G., W. Fang, X. H. Yang, M. Van Gele, T. Carling, J. Gu, I. M. Buyse, J. A. 
Fletcher, J. Liu, R. Bronson, R. B. Chadwick, A. de la Chapelle, X. Zhang, F. 
Speleman and S. Huang (2001). "Tumor formation and inactivation of RIZ1, an Rb-
binding member of a nuclear protein-methyltransferase superfamily." Genes Dev 
15 (17): 2250-62. 
Sterner, D. E. and S. L. Berger (2000). "Acetylation of histones and transcription-related 
factors." Microbiol Mol Biol Rev 64 (2): 435-59. 
Stossi, F., Z. Madak-Erdogan and B. S. Katzenellenbogen (2009). "Estrogen receptor alpha 
represses transcription of early target genes via p300 and CtBP1." Mol Cell Biol 29 
(7): 1749-59. 
Strahl, B. D. and C. D. Allis (2000). "The language of covalent histone modifications." Nature 
403 (6765): 41-5. 
Subbaramaiah, K., C. Hudis, S. H. Chang, T. Hla and A. J. Dannenberg (2008). "EP2 and EP4 
receptors regulate aromatase expression in human adipocytes and breast cancer 
cells. Evidence of a BRCA1 and p300 exchange." J Biol Chem 283 (6): 3433-44. 
Sun, J. M., H. Y. Chen and J. R. Davie (2001). "Effect of estradiol on histone acetylation 
dynamics in human breast cancer cells." J Biol Chem 276 (52): 49435-42. 
Thomas, S. and P. N. Munster (2009). "Histone deacetylase inhibitor induced modulation of 
anti-estrogen therapy." Cancer Lett 280 (2): 184-91. 
www.intechopen.com
 
Histone Modification and Breast Cancer 
 
341 
Wang, G. G., C. D. Allis and P. Chi (2007). "Chromatin remodeling and cancer, Part I: 
Covalent histone modifications." Trends Mol Med 13 (9): 363-72. 
Wang, S. Z., X. G. Luo, J. Shen, J. N. Zou, Y. H. Lu and T. Xi (2008). "Knockdown of SMYD3 
by RNA interference inhibits cervical carcinoma cell growth and invasion in vitro." 
BMB Rep 41 (4): 294-9. 
Wolf, S. S., V. K. Patchev and M. Obendorf (2007). "A novel variant of the putative 
demethylase gene, s-JMJD1C, is a coactivator of the AR." Arch Biochem Biophys 
460 (1): 56-66. 
Wong, L. J., P. Dai, J. F. Lu, M. A. Lou, R. Clarke and V. Nazarov (2006). "AIB1 gene 
amplification and the instability of polyQ encoding sequence in breast cancer cell 
lines." BMC Cancer 6: 111. 
Wong, S. T. (2009). "Emerging treatment combinations: integrating therapy into clinical 
practice." Am J Health Syst Pharm 66 (23 Suppl 6): S9-S14. 
Xu, J., L. Liao, G. Ning, H. Yoshida-Komiya, C. Deng and B. W. O'Malley (2000). "The 
steroid receptor coactivator SRC-3 (p/CIP/RAC3/AIB1/ACTR/TRAM-1) is 
required for normal growth, puberty, female reproductive function, and mammary 
gland development." Proc Natl Acad Sci U S A 97 (12): 6379-84. 
Xu, J., R. C. Wu and B. W. O'Malley (2009). "Normal and cancer-related functions of the p160 
steroid receptor co-activator (SRC) family." Nat Rev Cancer 9 (9): 615-30. 
Xu, J., Y. Qiu, F. J. DeMayo, S. Y. Tsai, M. J. Tsai and B. W. O'Malley (1998). "Partial hormone 
resistance in mice with disruption of the steroid receptor coactivator-1 (SRC-1) 
gene." Science 279 (5358): 1922-5. 
Yamane, K., K. Tateishi, R. J. Klose, J. Fang, L. A. Fabrizio, H. Erdjument-Bromage, J. Taylor-
Papadimitriou, P. Tempst and Y. Zhang (2007). "PLU-1 is an H3K4 demethylase 
involved in transcriptional repression and breast cancer cell proliferation." Mol Cell 
25 (6): 801-12. 
Yang, X. J. (2004). "The diverse superfamily of lysine acetyltransferases and their roles in 
leukemia and other diseases." Nucleic Acids Res 32 (3): 959-76. 
Yao, T. P., G. Ku, N. Zhou, R. Scully and D. M. Livingston (1996). "The nuclear hormone 
receptor coactivator SRC-1 is a specific target of p300." Proc Natl Acad Sci U S A 93 
(20): 10626-31. 
Yao, T. P., S. P. Oh, M. Fuchs, N. D. Zhou, L. E. Ch'Ng, D. Newsome, R. T. Bronson, E. Li, D. 
M. Livingston and R. Eckner (1998). "Gene dosage-dependent embryonic 
development and proliferation defects in mice lacking the transcriptional integrator 
p300." Cell 93 (3): 361-72. 
Yuan, Z. M., Y. Huang, T. Ishiko, S. Nakada, T. Utsugisawa, H. Shioya, Y. Utsugisawa, K. 
Yokoyama, R. Weichselbaum, Y. Shi and D. Kufe (1999). "Role for p300 in 
stabilization of p53 in the response to DNA damage." J Biol Chem 274 (4): 1883-6. 
Zeidler, M., S. Varambally, Q. Cao, A. M. Chinnaiyan, D. O. Ferguson, S. D. Merajver and C. 
G. Kleer (2005). "The Polycomb group protein EZH2 impairs DNA repair in breast 
epithelial cells." Neoplasia 7 (11): 1011-9. 
Zhang, H., X. Yi, X. Sun, N. Yin, B. Shi, H. Wu, D. Wang, G. Wu and Y. Shang (2004). 
"Differential gene regulation by the SRC family of coactivators." Genes Dev 18 (14): 
1753-65. 
www.intechopen.com
 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 
 
342 
Zhang, Z., H. Yamashita, T. Toyama, H. Sugiura, Y. Ando, K. Mita, M. Hamaguchi, Y. Hara, 
S. Kobayashi and H. Iwase (2005). "Quantitation of HDAC1 mRNA expression in 
invasive carcinoma of the breast*." Breast Cancer Res Treat 94 (1): 11-6. 
Zhang, Z., H. Yamashita, T. Toyama, H. Sugiura, Y. Omoto, Y. Ando, K. Mita, M. 
Hamaguchi, S. Hayashi and H. Iwase (2004). "HDAC6 expression is correlated with 
better survival in breast cancer." Clin Cancer Res 10 (20): 6962-8. 
Zhao, W., Q. Zhang, X. Kang, S. Jin and C. Lou (2009). "AIB1 is required for the acquisition 
of epithelial growth factor receptor-mediated tamoxifen resistance in breast cancer 
cells." Biochem Biophys Res Commun 380 (3): 699-704. 
Zou, J. N., S. Z. Wang, J. S. Yang, X. G. Luo, J. H. Xie and T. Xi (2009). "Knockdown of 
SMYD3 by RNA interference down-regulates c-Met expression and inhibits cells 
migration and invasion induced by HGF." Cancer Lett 280 (1): 78-85. 
www.intechopen.com
Breast Cancer - Focusing Tumor Microenvironment, Stem cells and
Metastasis
Edited by Prof. Mehmet Gunduz
ISBN 978-953-307-766-6
Hard cover, 584 pages
Publisher InTech
Published online 14, December, 2011
Published in print edition December, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Cancer is the leading cause of death in most countries and its consequences result in huge economic, social
and psychological burden. Breast cancer is the most frequently diagnosed cancer type and the leading cause
of cancer death among females. In this book, we discussed characteristics of breast cancer cell, role of
microenvironment, stem cells and metastasis for this deadly cancer. We hope that this book will contribute to
the development of novel diagnostic as well as therapeutic approaches.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Xue-Gang Luo, Shu Guo, Yu Guo and Chun-Ling Zhang (2011). Histone Modification and Breast Cancer,
Breast Cancer - Focusing Tumor Microenvironment, Stem cells and Metastasis, Prof. Mehmet Gunduz (Ed.),
ISBN: 978-953-307-766-6, InTech, Available from: http://www.intechopen.com/books/breast-cancer-focusing-
tumor-microenvironment-stem-cells-and-metastasis/histone-modification-and-breast-cancer
© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
